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Winter fallow corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] production
systems are susceptible to erosion and agrochemical transport. This research determined the
effects of Cover Crop Minimum Tillage (CCMT) on erosion and agrochemical transport from
corn-soybean rotations at field scale, while assessing impacts to agroeconomics and irrigation in
Mississippi’s Delta Region. CCMT did not affect total suspended solids (p = 0.53), total
inorganic phosphorus (TIP) (p = 0.30), or total nitrogen (TN) (p = 0.25) loads, but did reduce
TIP (p = 0.018), TN (p = 0.011), and nitrate-nitrite (p = 0.007) concentrations. An economic loss
of $281/ha with no effect on yield (p = 0.09), irrigation use efficiency (p = 0.38), or consumptive
water use (p = 0.83) was observed. CCMT will not improve profitability of corn-soybean
rotations in the Delta and transitioning from fallowing to CCMT will have varying effects on
erosion and agrochemical transport.
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CHAPTER I
WATER QUALITY IMPLICATIONS OF COVER CROPS IN CORN AND SOYBEAN
PRODUCTION SYSTEMS
1.1

Abstract
The soil surface of fallow, reduced-tillage corn (Zea mays L.) and soybean [Glycine max

(L.) Merr.] production systems is susceptible to rainfall-impact, erosion, and off-site
agrochemical transport. This research was conducted to determine the effects of a multi-species
cover crop on erosion and agrochemical transport form a corn-soybean rotation at the field scale.
The effects of a multi-species cover crop on the off-site transport of total suspended solids (TSS),
total inorganic phosphorus (TIP), total nitrogen (TN), total Kjeldahl nitrogen (TKN), and nitratenitrite (NO3-NO2) were evaluated in the Delta Region of Mississippi on six paired fields with the
same cultivar, soil type, and planting date. The inclusion of a fall cover crop had no effect on
TSS (p = 0.53), TIP (p = 0.30), or TN (p = 0.25) loads, but did reduce concentrations of TIP (p =
0.018), TN (p = 0.011), and NO3-NO2 (p = 0.007). This research indicates that transitioning from
a fallow to a fall cover crop production system will have no effect on erosion or agrochemical
transport in a corn-soybean rotation.
1.2

Introduction
Due to intensive agricultural operations, land disturbance, and application of chemical

fertilizers, non-point source pollutant runoff has increased in both the Mississippi Alluvial
Valley (MAV) and the larger Mississippi River Basin (MRB). In the last 100 years, increases in
1

sediment and nutrient discharges have contributed to the formation of a persistent and sizeable
zone of hypoxia in the Gulf of Mexico (Rabalais et al., 1996, 2002). Increased nutrient and
sediment discharges are directly attributed to agricultural land use as shown by a collection of
historical Mississippi River water samples beginning in 1846 that coincide with westward
expansion and development by colonial Europeans in the MRB (Turner et al. 2003; Humphreys
and Abbot 1876; Quinn 1894).
This is especially true in the Mississippi portion of the MAV where agriculture has
negatively impacted the ecology and surface water quality of floodplain lakes and rivers
(Miranda and Lucas, 2004; Pennington, 2004). Dendy (1981) studied a Mississippi MAV cotton
field and found 98% of sediment particle size leaving the field was < 16 µm (classified as fine
particles by Chang 1988). Wood and Armitage (1997) present an in-depth analysis of how this
sedimentation affects each trophic scale. Regulatory frameworks for sediment concentrations are
commonly related to turbidity levels and sediment discharge limits but lack explicit criteria,
making comparative evaluation difficult. Even so, the ecological significance of sediment
discharge to waterbodies is well documented. Sediment loss is also problematic because 50-95%
of phosphorus loading is generally tied to sediment loss (Oldham, 2018a), further contributing to
water quality degradation. Sediment discharges result in elevated suspended sediment
concentrations and duration of exposure that negatively impact aquatic organisms and
biodiversity (Newcombe and Macdonald, 1991; Berkman and Rabeni, 1987). Sediment losses
are also an indirect driver for nutrient losses. Additionally, Alexander et al. (2008) found that
70% of nitrogen (N) and phosphorus (P) in the MRB comes from agricultural sources. Moreover,
soil loss has agronomic consequences. Langdale and Shrader’s (1982) analysis determined that
as soil is lost, lesser quality subsoil is exposed which reduces yields and increases the fertilizer
2

needs of the producer. Accordingly, the MAV has been targeted for the use of several Best
Management Practices (BMPs) to reduce non-point source pollution (Kröger et al., 2012).
Currently, the integration of cover crops to production systems is being investigated as a
potential BMP. A cover crop is defined as a non-economic crop grown during fallow periods
with the intent of improving soil health and water quality. Cover cropping has been shown in
previous literature to have positive effects on soil and water quality. Aronsson et al.’s (2016)
review of Scandinavian studies found that cover cropping with ryegrass greatly reduced N
leaching in the region. One study of a long-term cover crop system in the Midwest predicted that
cover cropping reduced erosion by 11 to 29% (Basche et al., 2015). Some have also suggested
that pairing cover cropping with conservation tillage could be a useful method of minimizing
pollutant loading to surface waters as conservation tillage is another BMP that has shown a
propensity to decrease sediment and nutrient losses (McDowell and McGregor, 1984; Sharpley
et al., 2013).
Rissman and Carpenter (2015) state that the success of nonpoint source pollution
remediation efforts cannot be determined without appropriate monitoring. The advent of EdgeOf-Field Monitoring (EOFM) has allowed researchers to quantify the effectiveness of field-scale
BMPs and conservation efforts on preventing nutrient and sediment loss. Aryal et al. (2018)
utilized this technique with a study in the MAV in Northeast Arkansas that used EOFM to record
runoff water quality from two soil types. Their study compared the effectiveness of cover crops
to reduce nutrient and sediment loads versus conventional management practices of fallowing
fields during the non-growing season. The researchers found that cover crops did significantly
reduce nitrate and phosphate concentrations during the non-growing season. They additionally
found pollutant levels to be higher during the non-growing season compared to the growing
3

season, demonstrating that conservation practices are warranted during the non-growing season.
Lastly, Daniels et al. (2018) recommended more multiscale studies on agricultural runoff and
emphasized that a key aspect of EOFM is the direct involvement of producers.
While cover crops have been scientifically documented to conserve soil, improve soil
health indicators, and improve runoff water quality, there is limited data to support the
aforementioned benefits for the corn (Zea mays L.) and soybean [Glycine max (L.) Merr.]
rotation systems of the mid-south. This study aims to use EOFM in the MAV of Mississippi
(referenced as the Mississippi Delta) to determine the effectiveness of cover crops and minimum
tillage implementation to reduce nutrient and sediment losses from farms to downstream water
bodies.
1.3

Methods
Data were collected from 2018 to 2019 from six study sites. Sites were located across a

gradient from North to South in the Mississippi Delta near Clarksdale (Site #1), Cleveland (Site
#2), Shaw (Site #3), Arcola (Site #4-#5), and Rolling Fork (Site #6) (fig. 1.1). Each site
contained paired fields with similar soil textures and the same crop hybrid, planting, and harvest
dates (table 1.1). A pair was created by dividing a previously-single field into two land-leveled
fields that were hydrologically separated with an earthen berm, such that each field had a single
drainage culvert. Each site featured a control field, “farmer’s best management” (FBM) and a
treatment field, “cover crop minimum tillage” (CCMT). The FBM control fields represented the
typical production system utilized within the study region. The typical FBM program consists of
multiple, annual tillage passes and exposed soil during the non-growing season. All fields in the
study were row-furrow irrigated, which is also typical of this region. Irrigation practices in the
region are discussed more fully in Kedebe et al. (2014). Producers managed the FBM field
4

according to their standard production management practices. The CCMT treatment fields were
planted with winter cover crops and experienced a reduced tillage regime. Fields were tilled and
rows were re-hipped prior to initial cover crop planting in the Fall of 2017. The intent was that
no further tillage would be conducted in the treatment fields throughout the duration of the study.
All CCMT fields were planted with the same cover crop species mix in the first year.
Based on first year results, changes were made to the second-year seeding mixes. Species planted
were dependent on if the planned cash crop was corn or soybean. Cover crop species mix details
are reported in table 1.2. Cover crops were planted with a drill in October for both years of the
study.
1.3.1

Field Sampling Methods
Each EOFM station sampled runoff during precipitation events with an AS950 Portable

Sigma Sampler (HACH, Loveland, CO). Samplers were interfaced with a 6526E Starflow
Ultrasonic Doppler flowmeter (Unidata Pty Ltd., Perth, Australia) which recorded flow at twominute intervals and triggered automated samplers during runoff events at a threshold of 100
liters, collecting one 200 mL sample per 100 L of runoff. Each automated sampler was affixed
with a six-meter rubber tube and an intake head positioned next to the flowmeter in the culvert.
When the flowmeters triggered the automated samplers, an Agility® Sensor Radio radio system
(KTS Wireless, Lake Mary, FL) interfaced with the MyFarm host website (High Yield Ag, Lake
Mary, FL) located inside the station sent a response to technicians to notify them of sample
collection.
The sampling stations were powered with a 12-V battery and a 12-V 30-W solar panel
attached to the lid of the station. Each site had one rain gauge to manually record rainfall per
event. All equipment received maintenance on a bi-weekly basis. Maintenance included, but was
5

not limited to, internal and external tubing replacement, internal tubing lubrication, sampler
pump motor replacement, sampler replacement, flowmeter replacement, rewiring electrical box
and circuits, replacing 12v batteries, replacing broken rain gauges, and replacing desiccants.
Composite samples were collected in 10-L polyethylene bottles inside automated
samplers, shaken to homogenize samples, and transferred to 1-L sterile plastic bottles. After
samples were gathered, the 10-L bottles were rinsed with deionized water and placed back in the
sampler. Samples were collected within 48 hours of the event and transported on ice to the
Mississippi State Water Quality Lab for analysis following QA/QC standards (USEPA 2002).
1.3.2

Laboratory Analysis
Laboratory analysis assessed sample water quality for sediment and nutrient

concentrations. Unfiltered samples were used for assessment of sediment parameters. Turbidity
was measured with a 2100Q Portable Turbidimeter (Cat. No. 2100Q01, HACH, Loveland, CO),
and TSS was measured following method 2540D in Eaton et al. (1998). Unfiltered samples were
analyzed with TNTplus chemistry kits (HACH, Loveland, CO). For Total Inorganic Phosphorus
(TIP) using TNT843 (0.15-4.50 mg/L PO4), TNT844 (1.5-15.00 mg/L PO4), and TNT845 (6-60
mg/L PO4) chemistry kits (Method: Ascorbic Acid, EPA 356.1). Total Nitrogen (TN), NitrateNitrite (NO3-NO2), and Total Kjeldahl Nitrogen (TKN) were measured using the TNT880 (0-16
mg/L TN) chemistry kit (Method: Simplified TKN (s-TKN™)). All lab analyses were performed
in the Mississippi State University Water Quality Laboratory.
1.3.3

Statistical Analysis
Differences between CCMT and FBM with respect to TSS, TN, NO3-NO2, TKN and TIP

concentrations and TSS, TN, and TIP loads were analyzed using the Wilcoxon signed-rank test
6

in program R (R Core Development Team, 2016). Prior to analysis, data for all physical and
chemical properties were tested for normality (Shapiro-Wilk Test) and homogeneity of variances
(Levene Test), and data were determined to be non-parametric and skewed. For all tests, the
maximum number of observations was 64 load and 87 concentration pairs. Extreme rainfall
during the fall and winter of 2018 through spring 2019 prevented cover crop establishment at
Sites #2 and #3 in 2019. For all statistical tests, differences were considered significant when α ≤
0.05.
To investigate external drivers, data were classified by agronomic season and calendar
season. Agronomic season divided the data based on when the cash crop was physically in the
field. The demarcation between data sets was defined by the planting and harvesting dates of the
cash crop. These dates vary slightly for each field and were based on the actual planting and
harvest dates. Calendar seasons were defined according to month. The months of December
through February were grouped as Winter, March through May as Spring, June through August
as Summer, and September through November as Fall. An insufficient number of Fall samples
(< 5) was available for analysis, therefore, Fall was removed from calendar season analyses.
Comparisons between season were evaluated with a Kruskal Wallis test, and when necessary, a
Dunn’s test for post hoc analyses. Kruskal Wallis tests evaluated the mathematical difference
between FBM and CCMT paired samples at each site by event, such that values were considered
as a pair. The analysis evaluated if measured values from each field maintained a measurable
difference between FBM and CCMT on an event basis across seasons. Interaction effects
between season and field (i.e., if the management was CCMT and FBM) were evaluated using
the MODEL statement under Proc GLM in SAS. All tests were performed at α = 0.05 level of
significance.
7

Measured nutrient and sediment concentrations below detection limits were adjusted
based on Hornung and Reed (1990). All values above detection limit were adjusted to the
maximum value each chemistry kit could accurately read per the manufacturer’s guideline. All
flowmeter data underwent quality assurance review. When interference from debris and/or
sediment compromised the accuracy of the discharge calculation, the event was removed prior to
statistical analysis.
1.4
1.4.1

Results
Overall Effects
The principal hypothesis of this study was that CCMT would reduce concentrations and

loads of pollutants leaving agricultural fields. In support of the hypothesis, concentrations were
reduced in observed runoff events from CCMT fields for TIP (p = 0.018), TN (p = 0.011), and
NO3-NO2 (p = 0.007). Adoption of CCMT, therefore, will likely improve the conservation of
TIP, TN, and NO3-NO2 at the field scale in the MAV. However, contrary to the hypothesis,
CCMT did not reduce TSS or TKN concentration; nor, did CCMT reduce loads of TSS, TIP, or
TN. See tables 1.2 for concentration and 1.3 for load results.

1.4.2

Seasonal Effects
A secondary hypothesis of this research was that reductions in nutrient concentrations

and loads would vary with season. In support of the hypothesis, concentrations were reduced in
observed runoff events between calendar seasons for TN (p = 0.048) and NO3-NO2 (p = 0.012)
(table 1.4). Post hoc analyses for significant results indicate that TN and NO3-NO2
concentrations were significantly different between winter and summer, with winter having the
8

highest concentrations (table 1.6). These results justify the need for winter conservation
practices. Significantly higher concentration reductions were observed during events with no
cash crop compared to periods with cash crop for TN (p = 0.009) and NO3-NO2 (p = 0.001)
(table 1.5). During this same period, no statistical difference was seen for the magnitude of
reductions in TSS, TIP, and TN loads between CCMT and FBM fields (table 1.5). No
significance was observed for agronomic season and field interaction in loads. No significance
was observed for calendar season and field interaction in concentrations or loads (table 1.7).
1.5
1.5.1

Discussion
Concentrations
The aim of this study was to better understand the impact of the integration of CCMT

practices on edge-of-field water quality within the MAV of Mississippi in working corn-soybean
production systems. In this study, CCMT implementation significantly reduced concentrations of
TIP at the field scale. These findings agree with other studies that determined phosphorus runoff
is reduced in cover cropping and conventional tillage systems (Kleinman et. al. 2005; Butler et.
al. 2006; Uribe et. al. 2018). However, in contrast to this study, these comparison studies also
reported significant reductions in TSS. This is potentially due to key differences between these
comparison studies and this study. For instance, Butler et. al. (2006) were investigating cover
cropped riparian areas in pastures, and Uribe et. al. (2018) utilized a conservation tilled potato
production system. Observationally, a lack of significant reductions in TSS may also be due to
loss of data when heavy sediment discharges blocked sensors for that event.
Reductions in TIP attributed to CCMT implementation were observed, with mean and
median TIP concentrations of 5.50 and 3.13 mg/L, respectively. EPA regulations state that total
phosphates should not exceed 0.1 mg/L in the stream types receiving runoff from adjacent
9

landscapes (Muller and Helsel 1999). This study does not report phosphate concentrations, and
although TIP values reported are likely to be diluted in-stream, they warrant caution as
potentially contributing toward ecologically significant levels of phosphorus to receiving
streams. Accumulated data from 20 USGS National Water-Quality Assessment sites (Muller and
Helsel 1999) and a thorough review of previous literature by Hart et al. (2004) determined that
concentrations of phosphorus in amounts that are considered agriculturally insignificant –
roughly 0.02 mg/L in concentration – may still cause freshwater systems to become eutrophic.
Thus, to achieve ecological goals for reductions, it may be necessary to synergistically stack
BMPs. Sharpley et al.’s (2009) in-depth analysis of phosphorus (P) management both in the
United States and European Union noted that conservation practices are most successful when
combined. As an example, Baker and Richards (2002) found that a system with 50% adoption of
conservation tillage, <5% reduction in total farmland in production, and decreased manure and
fertilizer application resulted in a 40% decrease of total P and 77% decrease in dissolved P over
20 years.
In addition to TIP, results of this study indicated that CCMT implementation also
significantly reduced concentrations of TN and NO3-NO2 at the field scale. Decreases in TN and
NO3-NO2 leaching and runoff have been observed in previous cover crop research which
corroborates the findings of this study (Aronsson et. al., 2016; Sharpley et.al., 2019; Delgado
1998, Daniels et. al. 2020). In contrast, Staver and Brinsfield (1991) did not find significant
decreases in TN concentrations, although it should be noted the dynamics of their coastal plain
landscape may be significantly different from the MAV. In this study, CCMT reduced NO3-NO2
concentrations to mean and median values of 3.29 and 1.87 mg/L at the edge-of-field,
respectively. By comparison, the nationwide average - though not equivalent to expected values
10

for a river delta - for NO3-NO2 concentrations in streams is thought to be as low as 0.6 mg/L,
naturally (Muller and Helsel, 1999). Thus again, while cover crops reduced NO3-NO2
concentrations, stacked BMPs may be needed to achieve native surface water conditions.
Options for complementary in-field nutrient runoff reduction BMPs are presented in Baffaut et.
al. (2020), and an in-depth discussion of beyond-field nutrient reduction BMPs is presented by
Pierce et. al. (2012). One specific example of a synergistic practice could be the targeted
installation of biochar and/or wood chip bioreactors placed at the edge-of-field and in drainage
ditches (Nifong et. al. 2019). A comprehensive analysis of the mechanism and benefits of these
de-nitrifying BMP’s can be found in Addy et. al. (2016).
1.5.2

Loads
CCMT implementation did not significantly reduce loads for any nutrient of interest at

the field scale. The amount of sediment lost during this study is comparable to similar sediment
transport studies in the MAV (Dendy, 1981), however the median TSS load of 84.92 kg/ha is
still substantially higher than the regulatory Total Maximum Daily Load (TMDL). For
comparison, the proposed range for TSS TMDL for the Lower MAV of Mississippi is 5.38 kg/ha
to 16.36 kg/ha (Mississippi Department of Environmental Quality Office of Pollution Control,
2003). Additionally, the “Gulf Hypoxia Action Plan for Reducing, Mitigating, and Controlling
Hypoxia in the Northern Gulf of Mexico and Improving Water Quality in the Mississippi River
Basin” (USEPA 2008) set a potential target of 45% reduction in riverine total nitrogen and
phosphorus loads in the MRB to achieve their coastal hypoxic zone reduction goal. Results from
this study indicate CCMT reduced median discharge loads by 36.2% and 21.7% in TN and TIP,
respectively, at the edge-of-field. Again, this result highlights that reductions were not sufficient
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to meet regulatory agency goals and underscores the need for additional BMPs to further reduce
nutrient loading from mid-south agricultural systems.
Similar to this study, Daniels et. al. (2020) conducted an edge-of-field assessment of the
cover crop effects on water quality in the Arkansas portion of the MAV. In accordance with the
results of this study, the authors determined cover crops significantly reduced NO3-N and TN
concentrations but not loads. By way of explanation, the authors suggested increased variability
in discharge obscured the relative contribution of single events. This, combined with the historic
rainfall and flooding events likely tempered load reductions attributable to CCMT in the current
study. The mid-south in general, receives higher amounts of rainfall than other regions of the
country where cover crops have been studied. The greater precipitation in the mid-south would
naturally result in higher rates of erosion and nutrient leaching. Indicating that while cover crops
may reduce sediment and nutrient erosion in ecoregions that receive less rainfall, the
implementation of cover crops in the mid-south may not reduce sediment and nutrients in runoff
even in a year when average rainfall is experienced.
1.5.3

Seasonal Effects
A significant seasonal difference was observed for TN and NO3-NO2 concentrations

which favored greater reductions in the winter months when compared to summer. As NO3-NO2
is the inorganic and plant available form of nitrogen, the reductions due to CCMT are reasonably
attributed to cover crop uptake during winter months (Collier, 2017; Shipley et al., 1991). It is
less likely that differences in organic forms of N would be observed during the winter as these
forms are not readily plant available and are less mobile than nitrate forms (Oldham, 2018b). All
other mechanisms of transformation and/or movement would be similar or equal between field
pairs during the winter. These results suggest that the overall benefits of the CCMT system are
12

heavily predicated on the magnitude of the reductions achieved during the winter for the
timescale this experiment was conducted. In a study conducted in Ohio, Filbrun et. al. (2013)
observed an offset between discharge and effect, with P loads from winter and spring months
leading to algal blooms in an experimental pond during the summer and fall. Thus, it may be
worth investigating how much each season contributes to summer and fall eutrophication in the
MAV to identify if winter reductions are sufficient or if additional conservation efforts may be
warranted to mitigate nutrient and sediment losses experienced during the growing season.
It is arguable that the delayed release of organic nutrients from cover crop decomposition
into aquatic systems is inherently less environmentally degrading than the nutrient and sediment
loading from agricultural lands managed without cover crops. Conversely, there is concern
amongst some researchers who suggest cover cropping could create additional problems with
eutrophication as nutrients are released during decay (Øgaard, 2015; Varela et. al., 2017). Since
organic forms of phosphorus in the environment are sourced from plant decay (Oldham, 2018a),
CCMT could alter P transport and contribute these organic forms in spring runoff when cover
crops have been terminated and warmer temperatures accelerate decomposition. Future research
is warranted to study the effects of nutrient runoff from decaying cover crop sources in the
MAV, to ensure CCMT does not create more problems than it solves.
Lastly, carbon availability in soil organic matter (SOM) could play a role in pollutant
runoff reduction (Duan et. al. 2019; Nifong et. al. 2019), and cover crops have shown the ability
to increase SOM (Steenworth and Belina 2008). However, increasing SOM may be difficult in
the mid-south regions, where high rainfall, humidity, and temperatures combine with shorter
winters to increase microbial activity and decomposition. This scenario is thought to inhibit the
accumulation rate of SOM in the soil profile, meaning the proposed benefits of CCMT-derived
13

organic matter may take more time to mature. An additional limitation of this study is that it did
not report orthophosphate (OP, also referred to as reactive phosphorus), but reported only on
TIP, of which OP is a component. Understanding the implications and details of OP movement,
rather than TIP collectively, in the agroecosystem, as well as how CCMT functions to impact
this movement is necessary due to its high mobility and known ability to pollute surface and
groundwater resources. A comprehensive discussion of the relationship between CCMT and
other conservation practices on Total P and OP transport can be found in Osmond et. al. (2019).
1.6

Conclusions
The results of a two-year study indicate Cover Crop Minimum Tillage (CCMT)

management reduced TIP, TN, and NO3-NO2 concentrations at the edge-of-field compared to a
control managed as a Farmer’s Best Management (FBM) system in the Mississippi Alluvial
Valley (MAV) of Mississippi. Seasonal evaluation between treatments indicated observed
differences to be greatest during the winter months, when cover crops were actively growing in
the CCMT fields. The interrelationship between sediment, phosphorus, and nitrogen warrants a
multifaceted approach to conservation. Concentration data indicate a potential for environmental
degradation from nutrient- and sediment-laden runoff that could have downstream ecological
consequences, despite beneficial reductions observed with CCMT implementation. Future
research on stacked BMPs or conservation systems is needed in the MAV of Mississippi to
determine what synergistic benefits can be generated from a systems approach to conservation.
Additionally, the application study results are limited to their scope in space and time. Several
years of cover crop implementation are likely needed to observe compounded annual effects of
the CCMT treatment. Cover crops and minimum tillage have an established role in future
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conservation efforts, however, limitations related to CCMT application, implementation
challenges, and measured benefits will require long-term assessment.
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Table 1.1

Characteristics of sites utilized for the research study

Site

County

Predominant soil texture

Field Size
FBM
CCMT
3.69
4.2

Cash Crop
2018
2019
Soybean
Corn

1

Coahoma

silt loam

2

Bolivar

clay

15.12

14.82

Soybean

Soybean

3

Sunflower

silt loam

7.22

7.81

Soybean

Corn

4

Washington

silty clay loam

6.53

7.71

Corn

Soybean

5

Washington

silty clay

7.12

5.78

Corn

Soybean

6

Sharkey

very fine sandy loam

9.47

9.05

Corn

Soybean

FBM = Farmer’s Best Management ; CCMT = Cover Crop Minimum Tillage
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Table 1.2

Species and their relative proportions planted as cover crops on treatment fields in October of each study year.

Common Name

% of mixa

Cover Crop Species
Scientific Name

2017

2018
Soybean
45

Cosaque black oats

Avena sativa L.

42

Corn
40

Cereal rye

Secale cereal L.

42

-

-

Hairy vetch

Vicia villosa Roth

8

12

-

Austrian winter pea

Pisum sativum (subsp. arvense) L.

8

-

-

Tillage radish

Raphanus sativus L.

-

-

2

Winter triticale

Triticosecale rimpaui C. Yen & J.L. Yang
[Secale cereale × Triticum aestivum]

-

40

45

Balansa clover

Trifolium michelianum Savi (ssp. balansae
(Boiss.) Ponert

-

8

8

a

For 2018 data, the first number represents the percentage if the field was expected to be planted into corn, and the second represents
the percentage if the field was expected to be planted into soybean. The total planting rate for 2017 was 54 kg/ha. The total planting
rate for 2018 was 50 kg/ha.
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Table 1.3

Summary statistics of concentrations (in mg/L) of each pollutant measured at the
edge-of-field in this study (n = 87)
Mean

Median

CCMT FBM CCMT FBM

Standard Deviation p-value

CCMT

FBM

TSS

1973

1863

687

1054

3025

2263

0.254

TIP

5.50

6.00

3.13

4.28

6.21

5.36

0.018*

TN

5.59

5.89

3.49

4.80

4.97

4.33

0.011*

TKN

2.67

2.69

1.30

1.54

3.67

3.55

0.653

NO3-NO2

3.29

3.75

1.87

3.13

3.67

3.13

0.007*

FBM = Farmer’s Best Management ; CCMT = Cover Crop Minimum Tillage; *indicates a
significant difference at the α = 0.05 level.
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Table 1.4

Summary statistics of loads (in kg/ha) of each pollutant measured at the edge-offield in this study (n = 67)
Mean

FBM

CCMT

Median
FBM

Standard Deviation p-value

CCMT

FBM

CCMT

TSS 419.15 457.40 101.84

84.92

788.38

1549.00

0.528

TIP

1.30

1.22

0.51

0.41

2.11

3.07

0.303

TN

1.34

1.50

0.62

0.43

2.20

3.55

0.253

FBM = Farmer’s Best Management ; CCMT = Cover Crop Minimum Tillage
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Table 1.5

Summary statistics for the calculated differences in concentration (mg/L) and load
(kg/L) on an event basis between FBM and CCMT for agronomic season
Mean
C

Median
NC

C

NC

Standard
Deviation
C
NC

S

p-value

Concentration
TSS
-808
573
8.33
363
2863
2452
0.0697
TIP
-0.0502 0.995
0.13
1.16
3.86
4.67
0.0595
TN
-0.381
0.887
0
1.30
3.03
3.33
0.009*
TKN
0.111
-0.179
0
0
1.73
2.25
0.8834
NO3-NO2 -0.635
1.41
0
1.08
3.81
2.03
0.001*
Load
TSS
542
352
45.0
124
1688
654
0.0758
TIP
-0.182
0.338 -0.0085 0.0609
1.78
1.47
0.3195
TN
0.0767 -0.300 0.0528 0.0433
1.19
3.31
0.7184
C = Cash crop present; NC = No cash crop present
Positive value indicates reduction on CCMT; Negative value indicates increase on CCMT.
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Table 1.6

TSS
TIP
TN
TKN
NO3-NO2

Summary statistics for the calculated differences in concentration (mg/L) and load (kg/L) on an event basis between
FBM and CCMT for calendar seasons
Winter

Mean
Spring

Summer

659
1.29
1.39
0.0005
1.70

204
0.563
0.352
-0.223
0.46

-959
-0.171
-0.638
0.129
-0.627

167

90.4

-341

Median
Winter Spring Summer
Concentration
225
130
92.5
1.04
1.23
0.13
1.31
0.445
0
0
0
0
1.07
0.46
0
Load
9.72
3.78
-6.73

Standard Deviation
Winter Spring Summer

S

p-value

2477
1.35
1.64
1.04
1.62

2188
5.53
3.63
2.59
2.78

3217
4.26
3.44
1.88
4.05

0.648
0.279
0.048*
0.898
0.012*

649

542

1687

0.700

TIP
0.292
0.263
-0.306
0.0396 0.0650 -0.0085
0.933
1.59
TN
0.390
-0.697
0.046
0.0406 0.161
-0.0159
1.21
3.74
Winter: Dec to Feb; Spring: Mar to May; Summer: Jun to Aug; and Fall: Sept to Nov .
Positive value indicates reduction on CCMT; Negative value indicates increase in CCMT

2.16
1.41

0.879
0.43

TSS
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Table 1.7
Comparison

Post hoc results for differences (Dunn Test)
Test statistic

Adjusted
p-value

Concentrations
TN Spring – Summer
1.34
0.181
TN Spring – Winter
-1.22
0.222
TN Summer – Winter
-2.45
0.014*
NO3-NO2 Spring – Summer
1.23
0.22
NO3-NO2 Spring – Winter
-1.83
0.101
NO3-NO2 Summer – Winter
-2.97
0.008*
Demonstrates which season(s) featured the greatest differences with respect to treatments.
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Figure 1.1

Site locations
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Figure 1.2

Rainfall amount distributed by month

Rainfall data unavailable for the North Delta site from August 8th to December 31st, 2019.
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CHAPTER II
AGRONOMIC AND ECONOMIC IMPLICATIONS OF COVER CROPS IN CORN AND
SOYBEAN PRODUCTION SYSTEMS
2.1

Abstract
This research was conducted to determine the effects of a multi-species cover crop on the

yield productivity, irrigation use, and economic sustainability in reduced-tillage corn (Zea mays
L.) and soybean [Glycine max (L.) Merr.] at the field scale. The specific objectives were to
investigate (1) yield, (2) irrigation response, and (3) net benefit of Cover Crop Minimum Tillage
(CCMT). The effects of a multi-species cover crop on the measured parameters were evaluated
in the Delta Region of Mississippi on six paired fields with the same cultivar, soil type, and
planting date. The inclusion of a fall cover crop had no effect on yield (p = 0.09), irrigation water
use efficiency (p = 0.38), or consumptive water use (p = 0.83). The net economic return on
average across all site years was a loss of $281/ha. Adoption of CCMT, therefore, will likely not
improve the sustainability nor the profitability of corn-soybean rotation systems in the MAV of
Mississippi. Variability seen between individual sites underscores the need to tailor conservation
practices to the individual farm, applying when and where practices are appropriate and
profitable.
2.2

Introduction
There has been a growing concern over the sustainability of water resources in the Mid-

South, and specifically in the Lower Mississippi Alluvial Valley (MAV). In Mississippi,
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droughts are projected to become more frequent with climate change (Natural Resource Defense
Council 2010), which will likely increase pressure on the MAV aquifer, a primary source for
irrigation water. The legacy of persistent groundwater depletion in major agricultural regions,
including the MAV, highlights a need to pursue water conserving irrigation techniques and
practices (Konikow, 2015). A recent model predicted significant groundwater restoration in the
Mississippi portion of the MAV could be achieved through concentrated implementation of
strategically-located conservation practices that reduce irrigation use by as little as 5% (Barlow
and Clark 2011).
Previous literature on cover cropping attests to their ability to improve soil water storage
and infiltration (Blanco-Canqui et. al. 2015). Given these positive changes to soil hydrology,
there is an expectation that benefits related to irrigation will follow. However, data quantifying
these effects in the MAV is scarce. Additionally, research conducted outside of the MAV
suggests the adoption of cover cropping may improve the environmental impact of agriculture at
the cost of economic sustainability for an individual farm, as numerous analyses have suggested
adoption can only be profitable with cost-share programs or the potential to financially benefit
from the harvesting or grazing the cover crop (Plastina et. al. 2018; Plastina at. al. 2018; Lewis
et. al. 2018). Therefore, in addition to evaluating the irrigation benefits of CCMT systems,
research should consider externalities that encourage (or dissuade) producers from adoption,
including grain yield and net economic returns.
2.2.1

Yield
Yield response to adoption of cover crops in corn and soybean production systems has

historically been variable. Some studies have shown that adding cover crops improved yield
(Chu et. al. 2017; Chalise et al. 2018; Miguez and Bollero 2005), while others observed no
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difference in yield following adoption (Wortman et. al. 2012). In other instances cover crops
have even reduced yields (Reddy 2001, Sanchez et al. 2019). Previous research has explored the
contribution of causative factors on yield response, but no clear pattern is present. Utilizing a
mix of cover crop species rather than a single species improved yields in corn and soybean
production (Chu et. al. 2017; Miguez and Bollero 2005). However, Wortman et al. (2012)
concluded that cover crop diversity had no effect on cash crop yields. Chalise et al. (2018)
reported a 14% increase in soybean yield following cover-crop-induced improvements in soil
hydrological properties; yet Basche et al. (2016) found similar improvements to soil properties
without a yield effect in corn or soybean. Other authors have reported significant yield increases
when cover crops were combined with other alterations to management, such as replacing
synthetic fertilizers with manure (Gebremedhin et al. 2019); while Everett et al. (2019) reported
no yield increase in corn when manure was applied with a cover crop. Blanco-Canqui et al.
(2015) reviewed yield response from multiple studies and synthesized relevant factors,
concluding that annual precipitation was a critical determinant, with humid and sub-humid
climates such as that in Mississippi being a better fit for cover cropping than more arid regions.
Research in the mid-southern US mirrors what has been seen in previous studies and in
other regions. In Mississippi, Bryant (2020) observed no change (and in some instances
decreases) in soybean yield after implementation of cover crop and conservation tillage. In
Louisiana, Sanchez et al. (2019) observed a 20% decrease in corn yield following cover crop use,
and in opposition to Blanco-Canqui et al. (2015), attributed the decline to the inherent factors of
sub-humid environments. In Arkansas, Patton (2016) investigated cover cropping in cornsoybean rotation systems and found no significant differences in yield, with the exception of one
study field where the prior field management (which was a 20-year history of hay production)
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differed substantially from the other field sites. In Missouri, Adler et. al. (2020) reported corn
production decreased while soybean production varied in no-till systems when cover crops were
adopted.
Much of the region-specific research on cover crops conducted in MAV has been
conducted in cotton. Here again a similar trend emerges. In Mississippi, Zablotowicz et. al.
(2011) showed a yield increase of 65% following three years of leguminous cover crop
treatments. However, in Tennessee, Nouri et al. (2019) documented no effect on cotton yield
after long term use of cover crops despite significant improvement to soil hydraulic parameters.
The lack of consistent results from previous research suggests the particulars of every study and
associated field site are likely explanatory, but capturing the necessary details and identifying the
unifying thread is a daunting task.
2.2.2

Irrigation
Previous research in mid-south cover cropping highlights the potential to reduce

irrigation resulting from improved soil health parameters and increased soil moisture during the
cash crop growing season (Chu et. al. 2017; Blanco-Canqui et. al. 2012; Nielson et. al. 2015).
Fundamentally, research indicates that soil quality should improve following adoption of cover
crop minimum tillage systems due to (among other things) decreased compaction (Chen and
Weil 2010) and decreased erosion (Blanco-Canqui et. al. 2011). Research also supports the
notion that soil structural changes as a result of cover crop implementation increase infiltration
and reduce percolation losses (Yang et al. 2020). Further, cover crop residue insulates soil from
moisture losses due to evapotranspiration (Alfonso et al. 2020; Lotter et. al. 2003). However,
Alfonso et. al. (2020) concluded that cover cropping reduced evapotranspiration but also reduced
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soil moisture. Other prior studies indicate reduced or negligible impacts of cover crops on soil
moisture (Barker et. al. 2018; Wortman et. al. 2012).
Little research has been done to study the effects of winter cover cropping on in-season
consumptive water use or irrigation water use efficiency, specifically in mid-south corn-soybean
rotation systems. Bryant (2020) concluded cover cropping and conventional tillage treatments
adversely affected irrigation water use efficiency in Mississippi MAV soybean production.
Conversely, outside of the southeast, DeLaune et. al. (2020) found cover crops and conservation
tillage treatments improved irrigation water use efficiency. However, their research was
conducted in semi-arid cotton production systems.
Overall, when considering significant results in prior studies with respect to irrigation, the
effect of cover crops is influenced by climate (humid versus semi-arid) (DeLaune et. al. 2020;
Barker et. al. 2018; Nielson et. al 2015), duration of treatment (Acharya et. al. 2019; Meeks et.
al. 2020), and cover crop species composition (Sanders et al. 2018; Chu et al. 2017; Wortman et.
al. 2012, Nielson et. al. 2015), among other factors. Although not a concern in the MAV, Nielson
et. al. (2015) indicates cover cropping in semi-arid environments could be costly to producers
due to soil-water extraction. However, research by Yang et. al. (2020) suggests cover crops may
have a greater influence on consumptive water needs and irrigation water use efficiency during
drought seasons. Lotter et al. (2003) also credited cover crops’ ability to improve soil moisture as
the leading factor that contributed to higher yields relative to a conventional operation during an
organic production study.
The variability in results is likely due to the complexity of the interaction between soil
parameters, management practices, and the environment. For instance, Alfonso et al. (2020)
reported an oat cover crop reduced soil available water relative to no cover, but rainfall between
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termination and planting of soybean was able to offset the loss, thus not impacting the cash crop.
They additionally caveated their finding with a suggestion this was likely achievable only in
humid environments such as theirs. Others have reported similarly that system response to cover
crops was dependent on factors such as climate (Unger and Vigil 1998), duration of treatment
(Acharya et. al. 2019), and cover crop species composition (Nielson et. al. 2015; Sanders et al.
2018; Chu et al. 2017; Wortman et. al. 2012).
2.2.3

Economics
Likely due to variability in yield response, the economic returns of cover crop adoption

present mixed outcomes. Hughes and Langemeier (2020) found their biculture cover crop blend
out-yielded the conventional plot, which resulted in a net return that ranged between roughly
$49/ha and $114/ha during the study years. However, other research seems to indicate economic
losses as a result of cover cropping. For example, Zhou et al. (2017) completed a 29-year study
in a Tennessee cotton winter cover crop and no-till system and found maximum net returns were
lower for cover crop applications than for non-cover conventional tillage and no-till systems.
Bryant (2020) concluded conservation tillage and cover cropping did significantly affect net
returns in the MAV of Mississippi soybean production, and resulted in an added expense of
roughly $60/ha to $90/ha depending on cover crop selection. Plastina et. al. (2018) completed a
survey of Iowa growers that use cover crops and concluded an average net annual loss of $54/ha
and net profit loss of $166/ha. Contrary to that, a four-year study by Cai et. al. (2019) in Missouri
found cover cropping decreased profitability in the first two years of the study, but increased net
returns in the final, fourth year, indicating cover crops may improve profitability over time.
Cover cropping may improve profitability due to agro-economic services like reduced
herbicide use (Blanco-Canqui et. al. 2015), soil protection (Lu et al. 2000), and fertilizer
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application from the nitrogen inputs of leguminous cover crops (Zablotowicz et. al. 2011; Lu et.
al. 2000; Frye et. al. 1985) that reduce operation costs. Bergtold et. al. (2017) conducted a
comprehensive analysis of cover crop economic considerations, benefits, and expenses.
However, although herbicide use and weed density was reduced in their study, Reddy (2003)
determined profitability may be lost due to the added expense of cover crop seed and planting. In
another Mississippi study, Reddy (2001) determined the costs associated with planting cover
crops resulted in a net loss due to increased seed, planting, and termination costs. One study in
Tennessee found that the lowered need of fertilizer was not enough to offset the expense of the
establishment and termination of the cover (Zhou et. al. 2017). Likewise, Hughes and
Langemeier (2020) demonstrated the cost of establishing at least one cover crop blend was larger
than the economic benefit. Lastly, at least one author has concluded that winter cover crop
systems are not economically viable without subsidies to balance yield and net losses (Lewis et.
al. 2018), while the survey conducted by Plastina et. al. (2018) determined cost-shares are
essential to cover crop feasibility.
2.3

Methods
Data were collected from 2018 to 2019 from six study sites. Sites were located across a

gradient from North to South in the Mississippi Delta near Clarksdale (Site #1), Cleveland (Site
#2), Shaw (Site #3), Arcola (Site #4-#5), and Rolling Fork (Site #6) (fig. 1.1). Each site
contained paired fields with similar soil textures and the same crop hybrid, planting, and harvest
dates (table 1.1). A pair was created by dividing a previously-single field into two land-leveled
fields that were hydrologically separated with an earthen berm, such that each field had a single
drainage culvert. Each site featured a control field, “farmer’s best management” (FBM) and a
treatment field, “cover crop minimum tillage” (CCMT). The FBM control fields represented the
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typical production system utilized within the study region. The typical FBM program consists of
multiple, annual tillage passes and exposed soil during the non-growing season. All fields in the
study were row-furrow irrigated, which is also typical of this region. Irrigation practices in the
region are discussed more fully in Kedebe et al. (2014). Producers managed the FBM field
according to their standard production management practices. The CCMT treatment fields were
planted with winter cover crops and experienced a reduced tillage regime. Fields were tilled and
rows were re-hipped prior to initial cover crop planting in the Fall of 2017. The intent was that
no further tillage would be conducted in the treatment fields throughout the duration of the study.
All CCMT fields were planted with the same cover crop species mix in the first year.
Based on first year results, changes were made to the second-year seeding mixes. Species planted
were dependent on if the planned cash crop was corn or soybean. Cover crop species mix details
are reported in table 1.2. Cover crops were planted with a drill in October for both years of the
study.
Spatially-explicit yield data were collected from collaborating producers. Each producer
harvested the entire site to minimize variability induced by yield monitor differences and
harvesting technique. Prior to analysis, quality control of data was conducted in ArcGIS Pro
(v2.4, ESRI, Redlands, CA) to remove erroneous data values, defined as points located outside
the field boundary and/or with values exceeding 2.5 standard deviations from the mean yield.
Yield data were normalized to enable analysis of corn and soybean yields together. Data were
normalized by dividing all values by the largest yield value for each group, resulting in values
between 0 and 1.
Computerized hole selection was utilized to improve the uniformity and efficiency of
irrigation. Capacitance soil moisture probes (Drill & Drop, Sentek Sensor Technologies,
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Stepney, Australia) were installed 12 rows on either side of the divide between CCMT and FBM
fields, approximately halfway down the crop row. Moisture probes had sensors every 10 cm, and
were at least 90 cm in length, although some were 120 cm. Irrigation decisions were made by
observing the line slope generated by diurnal water use patterns (a decreasing line slope indicates
decreasing plant available water). Irrigation was applied when the slope indicated irrigation was
warranted. The decision was framed by site soil type, crop growth stage, and current rooting
depth rather than a predefined quantitative threshold. Irrigation water applied was documented
using flowmeters for each field. Values were read at the beginning and end of the cash crop
season to calculate the total amount of irrigation water applied in hectares-millimeter (ha-mm).
Irrigation water use efficiency (IWUE) was calculated as described in Stanhill (1986).
𝑌𝑖𝑒𝑙𝑑(𝑘𝑔/ℎ𝑎)
𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑈𝑠𝑒 (ℎ𝑎−𝑚𝑚)

2.3.1

= IWUE

(2.1)

Statistical Analysis
Differences between CCMT and FBM with respect to irrigation water applied, grain

yield, and IWUE were analyzed using paired t-tests in program R (R Core Development Team,
2016). Prior to analysis, data were tested for normality with the Shapiro-Wilk test to determine if
non-parametric equivalents were more appropriate. For all tests, the maximum number of paired
observations was 12, however, not all tests have 12 observations available. Extreme rainfall
during the fall and winter of 2018 through spring 2019 prevented cover crop establishment at
Sites #2 and #3. Site #1 was removed from irrigation analyses due to unreliable flowmeter data.
For all statistical tests, differences were considered significant when α ≤ 0.05.
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2.3.2

Economic Analysis
Partial budgeting analysis was used to calculate the net benefit of adopting CCMT. Bills

of sale were used to calculate seed and herbicide costs. All other direct costs were calculated
using the 2020 Mississippi State Budget Generator (Laughlin and Spurlock, 2020). Commodity
prices used in determining indirect costs were based on the average marketing year price for
Mississippi according to the USDA (United States Department of Agriculture National
Agricultural Statistics Service, 2020). No consideration for any financial assistance that may
have been available through various conservation programs was included in the analysis.
2.4

Results
The principal hypothesis of this study was that CCMT would improve yield and irrigation

water use efficiency while reducing consumptive water use and generating a net positive
economic return. Contrary to our hypothesis, converting to CCMT had no effect on yield (p =
0.09), irrigation water use efficiency (p = 0.38), or consumptive water use (p = 0.83) (table 2.3).
Adoption of CCMT, therefore, will likely not improve the sustainability nor the profitability of
corn and soybean production systems in the mid-southern USA.
2.5
2.5.1

Discussion
Yield
Similar to this study, Coombs et al. (2017) reported corn yields in alignment with the

expected regional average and no negative impact on yield, but a general trend towards lower
yields in corn following use of cover crops. A comparable study in Louisiana evaluated CCMT
in soybean over a four-year period where no significant yield difference was associated with
CCMT relative to no-till/no-cover systems (Acharya et al. 2019). Another comparable study
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conducted in the Arkansas portion of the MAV similarly investigated the effect of CCMT on
corn and soybean yield (among other soil parameters) where only one of six site years
demonstrated a yield effect (Patton 2016).
It is generally accepted that conservation practices have associated lag times, thus it is
difficult to estimate when benefits should be expected. In many published studies where effects
from cover crop treatments were not significant relative to the control system, the concluding
remarks indicated study duration may not have been sufficient for realization of accrued benefits
(e.g., Acharya et al. 2019; Barker et al. 2018; Patton 2016). Using producer survey data from
farms in Indiana, Lira (2017) created a series of cost-benefit models for cover crops. Most
benefits of cover crops were insignificant in the model for the first and second years, although
the author admits the dataset and models have limitations. Boselli et al. (2020) conducted a study
of CCMT with similar cover crops and cash crops and detected no significant benefits in yield
after six years. Basche et al. (2016) reported no significant yield effects in a corn-soybean
rotation system where CCMT had been established for seven years at the time their seven-year
project was initiated. This may indicate that more than 14 years of cover cropping may be
necessary under some field conditions before a benefit may (or may not) be expected.
Others have suggested that cover crop benefits to yield are confounded by the effects of
no-till. Patel et al. (2019) demonstrated that corn yield was an average of 3% higher when tillage
was used, regardless of the presence of a cover crop. Doughtery et al. (2020) noted similar
results in corn, but no effect on soybean yield unless a cover crop was introduced, at which point
a significant reduction in yield occurred. Anapalli et al. (2018) modeled corn yield differences in
no-till versus conventional tillage systems in the Mississippi portion of the MAV. The difference
in corn yield was attributed to reduced carbon and nitrogen availability in the no-till system.
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Pavinato et al. (2017) remarked that benefits of cover crops may not be optimized when their
residues are left on the soil surface (i.e., not incorporated with tillage) as this limits organic
matter decomposition and thus potential to contribute to phosphorus uptake for the proceeding
crop (it should be noted they were working in a phosphorus-limited system which is quite
different from that of this study). In practice it may be difficult to separate the unique effects of
cover crops and no-till since survey data indicate that producers who adopt cover crops likely
also adopt or have adopted no-till (Bergtold et al. 2012; Lira 2017; Lee and McCann 2019).
In summary, crop yields are held as the standard measurement for production success for
producers and researchers alike. The mixed results on the yield responses of agroeconomic crops
to winter cover cropping indicate research questions remain unanswered, especially in the MAV,
as to which factors influence yield outcomes following adoption of CCMT.
2.5.2

Irrigation
Contrary to the hypothesis, CCMT did not significantly reduce consumptive water use.

Although previous literature suggested this was possible (Chu et. al. 2017; Blanco-Canqui et. al.
2012; Nielson et. al. 2015; Lotter et. al. 2003), the data in this study do not support this
conclusion. Limited research is available that quantifies the effect cover crops have on reducing
consumptive water use in mid-south irrigated agronomic systems. This study averaged 1130 and
1354 m3/ha for corn and soy, respectively. The reported annual irrigation application rate for the
study region is 3100 and 2800 m3/ha for corn and soybean, respectively (Massey et. al. 2017).
This seems to indicate that irrigation demand was lower than normal, potentially due to offsets
from rainfall. In this study, the cumulative irrigation water used averaged approximately 46 and
78 ha-mm for corn and soybean, respectively. Bryant (2020) recorded a three-year average
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application of 82 ha-mm in MAV soybean production, although variable rains in the third year
led to application of 154 ha-mm of irrigation water.
Contrary to the hypothesis, CCMT did not significantly improve IWUE. The results of
this study are different from Bryant (2020) who reported up to 11% reduction in IWUE due to
the addition of a radish cover crop in mid-south soybean systems, and no difference following
the addition of cereal rye. Meeks et. al. (2020) similarly concluded IWUE did not increase
following a cereal rye cover crop. In both instances, authors suggested the outcome on IWUE
was the by-product yield response to cover cropping. Indeed, due to the nature of the IWUE
calculation, corresponding yield reductions recorded in many cover crop studies may result in
lower IWUE values if consumptive water use is unchanged. The effect on IWUE may be crop
and/or region specific as in contrast, DeLaune (2020) concluded cover cropping improved
IWUE. However, their research was conducted in semi-arid cotton systems. This highlights that
IWUE efficiency in agronomic systems is not solely reliant on reductions in irrigation water
consumption/application, but also determined by crop productivity.
Previous authors have suggested that relative precipitation patterns may significantly alter
the benefits of cover crops. Yang et al. (2020) implied that CC benefit would be more apparent
in a drought year because the residue reduced ET losses and deep percolation losses.
Additionally, the Lotter et. al. (2003) study observed greater soil moisture and higher soybean
and corn yields in the organic, cover crop-based rotations during drought years. Inherently,
demand on the aquifer is higher in drought periods. To reiterate Barlow and Clark (2011), there
is a need for a minimum of 5% reduction to improve the health of MAV aquifer. In this study the
mean 4.33% reduction in irrigation from CCMT on consumptive water use, although not
statistically significant, is a real difference with respect to the amount of water withdrawn from
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the MAV aquifer. Additional BMPs will be needed to address water scarcity in the MAV,
particularly in drought years.
A limitation of this study is the smaller dataset which resulted from data loss and poor
cover crop establishment at some sites. Additionally, the study years were relatively wet
compared to climate norms. Following the mechanisms of semi-arid cover crop research and
research conducted during droughts, any differences in soil improvements and moisture retention
may not have been fully realized or measurable during the study. To that end, the study was not
designed to characterize soil changes. This limits the ability to identify causal agents therein
which may have additional explanatory power. Finally, because the benefits of cover crops are
purported to accrue over time, the relative short duration of the study may have also played a part
in finding no differences with respect to water consumption and efficiency (Meeks et. al. 2020).
2.5.3

Economics
The third objective of this study was to determine the effects of cover crop production

systems on net returns above production costs at the field scale, as conservation practice
adoptability is largely dependent upon economic and risk factors (Adusumilli et. al. 2020). In
this study, a comprehensive analysis about the economic feasibility of CCMT in corn-soybean
rotational systems of the mid-south was analyzed. Understandably, a producer desires a net
positive economic return when adopting CCMT. In order to remain economically competitive,
CCMT must generate yields in excess of FBM to recoup the additional cost to their farming
operation of planting cover crops. The direct cost (i.e., the expense of planting, maintaining, and
terminating cover crops) of CCMT on average across all site years was $166.90/ha. Simply put,
producers in this study needed, on average, a 55 bu/ha yield improvement in corn production and
19 bu/ha in soybean production to break even. The indirect cost (i.e., the lost revenue incurred
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due to lower yields from CCMT) on average across all site years was a loss $114.07/ha. Taken
together, this indicates the net economic return on average across all site years was a loss of
$280.97/ha. When examining results for crops separately, the net economic return for soybean
(loss of $232.45/ha) was higher than corn (loss of $353.75/ha). Economic results are presented in
table 2.4.
These results are in agreement with other published reports on economic outcomes of
adopting CCMT. Plastina et al. (2018) presented results of a focus group of 16 midwestern corn
and soybean producers engaged in cover cropping. Participants in the group reported a mean
economic loss of $54/ha. Plastina et al. (2018) further presented results of a partial budget
analysis on net returns for Iowa corn and soybean producers who utilize cover cropping and
reported negative returns of $65/ha in corn and $45/ha in soybean.
Many studies highlight seed costs, especially when using a cover crop mix of more than 2
species, as a substantial direct cost of CCMT (CTIC and SARE 2013; Bergtold et. al. 2017).
Accordingly, previous research has demonstrated the impact of net returns in a CCMT system
can depend heavily on the species of cover crop itself (Hughes and Langemeier 2020). In this
study, seeds costs were essentially equivalent across sites, but the decision to aerially apply
(versus ground) agrochemicals markedly increased the direct costs for those sites (average
increase of $25/ha over ground spray). Given the breadth of management decisions involved (see
Bergtold et al. (2017) for a thorough review thereof), migrating from FBM to CCMT is a process
that must be tailored for each individual field. Indirect costs from this study were solely due to
yield on the CCMT field. Inexperience with managing cover crops, rather than the cover crops
themselves, played a role in this outcome. Plastina et al. (2018) investigated the relationship
between years of experience with planting cover crops and net returns, specifically related to
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yield. Corn producers with the most experience (10+ years) fared the best. In this study,
management in the second year was adaptively altered to correct issues seen in the first year. It is
possible that continued adaptations to management (e.g., earlier termination, prophylactic
chemical application of pesticides, offsetting cover and cash crop seedbeds, cleaning disks to
remove debris in the seed bed, changes in cover crop mixture) could further mitigate yield losses
which would improve the net economic benefit. The value of management experience is likely a
contributing factor in the results of this study, as the net return losses were halved in the second
year of the study (an average loss of $351.57 in 2018 to $175.07 in 2019) after adaptations were
made in management techniques.
A limitation to the economic analysis in this study is offsets to cost are not included in
the net benefit calculation (i.e., it is a cost calculator, and not a cost-benefit calculator).
Economic benefits of cover cropping that have been previously documented include reductions
in herbicide expenses (Chu et. al., 2017; Finney et. al., 2017; Hirel et. al., 2011; Wortman et. al.,
2012) resulting from weed suppression (Creamer et. al., 1996; Finney et. al., 2017; Reddy, 2001;
Reddy, 2003); and reduced fertilizer needs (Decker et. al. 1994; Maltais-Landry and Crews,
2020). This study was not designed to collect data to include any potential offsets that may have
resulted from items such as these.
There are additional management actions that could be incorporated in subsequent cover
crop cycles to address the issues encountered in the study. For instance, following methods from
Wortman et al. (2012), cover crops could be terminated with an undercutter method, which
disturbs the rooting zone while minimally disturbing the soil surface. In their study, the
undercutter method (a substitution for chemical “burndown” termination) showed yield increases
in corn, soybean, and sunflower production. While this would add an operational cost, it could be
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offset by a reduction in herbicide application costs related to termination and potential yield
increases. Further research would be needed to determine how likely yield increases would be
observed in the MAV of Mississippi, and to determine if using an undercutter for termination
improves economics. Lastly, using an undercutter could reduce dependence on chemical
herbicides for weed control, if it demonstrates effective termination.
In summary, the lower yields and higher costs of CCMT relative to FBM will make the
value proposition for adoption challenging. Adusumilli et al. (2020) used a stochastic efficiency
with respect to a function methodology to calculate certainty equivalents. Using these certainty
equivalents they were able to estimate a dollar value necessary for a producer to make a change
in their current management program with respect to tillage and cover crop. Using their results,
in order for a producer to shift from a system comparable to FBM to a CCMT system, a producer
would need net returns of at least $64/ha. Based on the results of this study, and those observed
in other studies, most producers will not choose to adopt CCMT unless other intangible benefits
are considered.
2.6

Conclusions
The study found no significant results in yield or irrigation following adoption of a

CCMT system based on the documented experience of six production fields over a two-year
period. From a conservation perspective, CCMT may decrease stress on the Mississippi River
Valley Alluvial Aquifer if targeted adoption can be coupled with additional irrigation best
management practices. Water conserving practices, including CCMT, will become more
necessary if the predicted increase in climate change-induced drought comes to fruition in the
mid-South. Considered as a whole, economic net losses were shown for CCMT when compared
to FBM. Cost-benefit differences between CCMT and FBM represent tangible economic
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shortcomings to the bottom line of the collaborating producer. Based on this study, the
recommendation to interested producers is to gain experience with a small portion of their land
before scaling up. Losses in yield frequently resulted from external factors, including
inexperience with use of cover crops. Given the improvements seen in net benefits between year
1 and year 2, it is possible that with adaptive management and a longer time horizon, CCMT
could be more economically competitive with FBM. Financial assistance programs can mitigate
economic losses as new adopters overcome the management learning curve in their system.
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Table 2.1

Characteristics of sites utilized for the research study

Site

County

Predominant soil texture

Field Size
FBM
CCMT
3.69
4.2

Cash Crop
2018
2019
Soybean
Corn

1

Coahoma

silt loam

2

Bolivar

clay

15.12

14.82

Soybean

Soybean

3

Sunflower

silt loam

7.22

7.81

Soybean

Corn

4

Washington

silty clay loam

6.53

7.71

Corn

Soybean

5

Washington

silty clay

7.12

5.78

Corn

Soybean

6

Sharkey

very fine sandy loam

9.47

9.05

Corn

Soybean

FBM = Farmer’s Best Management ; CCMT = Cover Crop Minimum Tillage
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Table 2.2

Species and their relative proportions planted as cover crops on treatment fields in October of each study year.

Common Name

% of mixa

Cover Crop Species
Scientific Name

2017

2018
Soybean
45

Cosaque black oats

Avena sativa L.

42

Corn
40

Cereal rye

Secale cereal L.

42

-

-

Hairy vetch

Vicia villosa Roth

8

12

-

Austrian winter pea

Pisum sativum (subsp. arvense) L.

8

-

-

Tillage radish

Raphanus sativus L.

-

-

2

Winter triticale

Triticosecale rimpaui C. Yen & J.L. Yang
[Secale cereale × Triticum aestivum]

-

40

45

Balansa clover

Trifolium michelianum Savi (ssp. balansae
(Boiss.) Ponert

-

8

8

a

For 2018 data, the first number represents the percentage if the field was expected to be planted into corn, and the second represents
the percentage if the field was expected to be planted into soybean. The total planting rate for 2017 was 54 kg/ha. The total planting
rate for 2018 was 50 kg/ha.
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Table 2.3

Mean results for all factors

Corn

Alla

Soybean

Parameter

FBM

CCMT

p-value

FBM

CCMT

p-value

FBM

CCMT

p-value

Irrigation water applied
(ha-mm)

43.5

48.1

0.85

82.9

72.9

0.54

63.2

60.6

0.83

Yield (kg/ha)

14840.6

13423.3

0.11

5346.5

5168.2

0.93

0.91

0.87

0.09

IWUE

75.72

44.47

0.40

9.43

11.42

0.43

42.6

28.0

0.38

a

Represents normalized yield ; FBM = Farmer’s Best Management ; CCMT = Cover Crop Minimum Tillage; IWUE = Irrigation
Water Use Efficiency
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Table 2.4

Average costs associated with inclusion of cover crop into corn-soybean rotation systems in the mid-southern USA

Crop

Additional Costs

Total Costs

Indirect Costs

Net Returns1

Seed

Herbicide

Custom Hire

Machinery2

Ownership3

Corn

$83.32

$35.89

$7.12

$20.31

$11.42

$146.60

$196.45

-$353.75

Soybean

$78.28

$58.02

$7.41

$19.60

$9.64

$163.31

$41.34

-$232.45

All

$80.31

$49.17

$7.29

$19.89

$10.35

$156.64

$97.74

-$280.97

1

commodity prices used were $3.70/$4.00 for corn and $9.00/$8.90 for soybean in 2018/2019; 2 including labor, fuel, repairs, and
maintenance; 3 including depreciation and interest
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Figure 2.1

Site locations
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Figure 2.2

Rainfall amount distributed by month

Rainfall data unavailable for the North Delta site from August 8th to December 31st, 2019.
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CHAPTER III
A FRAMEWORK FOR INCENTIVIZING CONSERVATION
PROGRESS: NUTRIENT LOSS EFFICIENCY
3.1

Introduction
In this study, which evaluated the addition of cover crops and minimum tillage to the

conventional approach in the Mississippi Alluvial Valley (MAV), the statistical results showed
improvement in concentrations of nutrients in runoff, but reduced economic longevity. In their
2018 study on edge-of-field monitoring (EOFM) and the effectiveness of conservation best
management practices (BMPs), Harmel and their coauthors make the observation, “Expecting
agricultural producers to use cost-prohibitive (unprofitable) practices to protect water quality is
unrealistic, as are unsubstantiated claims that nutrient BMPs are cost-prohibitive.” While most
results in this two-year study were not statistically significant, the economic impacts were still
discernible. Moreover, because it was a field-scale study, the results had very real economic
impacts on the collaborating producers.
For over 40 years, the US federal government through various programs has encouraged
efforts to reduce the non-point source pollution that can result from agricultural activity. Many of
these programs involve subsidies of some sort for producers who qualify. The subsidy (now
referred to as “financial assistance”) is intended to support the implementation of a conservation
BMP according to a prescribed standard. In 2003, several US Department of Agriculture
(USDA) programs began a multi-agency effort to “quantify, understand, and optimize
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environmental benefits of conservation practices” implemented via selected USDA conservation
programs. This effort was known as the Conservation Effects Assessment Project (CEAP).
Osmond et al. (2012) published a synthesis of lessons learned from 13 CEAP experiences. It was
concluded unequivocally that without some sort of subsidy, the vast majority of producers will
not choose to adopt conservation practices. This conclusion is supported by multiple other works
(Plastina et. al 2018; Lewis et al. 2018). This is namely because of the economic risk cover
cropping poses to a producer (Bergtold et. al. 2017). The economic data from this study resulted
in a net loss of $232/ha and $354/ha for soybean and corn production, respectively. It is possible
that the producers in this study could have received financial assistance in the base amount of
$124/ha to $133/ha as set by NRCS which could have reduced the economic burden of
conservation implementation (SARE 2019). Without concrete evidence of when and how gains
come in the long-term, producers are averse to incurring the risk of adoption (Adusumilli et. al.
2020).
While government programs have proven successful in promoting implementation of
conservation, there is not, however, any oversight to ensure BMPs like cover crops are effective
in their role once installed. With minor changes, current programs that provide financial
assistance for annual conservation practices (as opposed to one-time implementation with a
greater lifespan, e.g. terraces, tailwater recovery systems) could be improved to better encourage
long-term adoption of the practices, as well as active management and maintenance. It seems
unlikely producers will choose to adopt the cover crop minimum tillage (CCMT) practices from
this research study without financial assurances. Additionally, with consistently observed losses
in the short-term, what if producers could be rewarded economically for ecological gains? What
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if a framework for evaluating the outcomes of conservation can be established? Would this
reduce the perceived risk for conservation practices with longer-horizon returns?
The objective of this paper is to present possible frameworks to bridge the gap between
incentivizing conservation implementation and incentivizing conservation progress. The
framework outlined will characterize the relationship between environmental and economic
goals. It will also set a criterion for documented improvements. Application of the framework is
expected to give producers target goals and accomplishments with cover cropping that they do
not have under the current system. It is also expected to increase the willingness of adoption,
long-term adoption rate, and effectiveness of adoption. Expected outcomes and limitations will
also be presented. The goal is to improve on the current system to achieve long-term water
quality goals and sustainability of water resources. Harmel et al. (2018) suggests that users of
downstream waters are justified in expecting clean water and should recognize nutrients in water
bodies also come from native prairies and virgin forests. Most waters should inherently have
sediment and nutrient loads as part of their natural system. The authors conclude with these
words, “We encourage the application of a scientific basis and consideration and involvement of
all N and P sources . . . working together to mitigate water quality degradation from excess
nutrients.”
3.2

Background
As Zhou (2017) notes, a profit loss estimate can help, “policymakers calibrate payments

received by farmers under the USDA-Natural Resource Conservation Service Environmental
Quality Incentives Program.” Kurkalova et al. (2006) have proposed a subsidy estimation
method based on observed behavior and adoption of conservation practices; however, little work
has been done to develop a way to use nutrient and sediment losses from agriculture to further
61

estimate subsidy or award amounts on an effectiveness basis rather than implementation alone.
EOFM could have a practical use in this area where on-site retrieval and data recording is
required by the agency overseeing adoption. Field-scale models are also helpful in predicting
effects of management decisions to the water quality of contributing streams and might be useful
in determining payments.
The proposed framework also requires an assessment of what “acceptable” or “goal”
nutrient and sediment measures are for a region or watershed, if different from the TMDLs set by
state regulatory agencies. The MANAGE database uses runoff nutrient loads and concentrations
from multiple agricultural land uses across the United States (omissions in the Northwest US and
Rocky Mountains) to estimate the mean nutrient measurements per area. As of 2008, though
highly variable, the average loads of total nitrogen were 14.2kg/ha and total phosphorus were 2.2
kg/ha. The authors concluded these averages represented “10 to 25% of applied fertilizer N and 4
to 9% of applied fertilizer P,” (Harmel et al. 2008). This study does not specifically feature cover
crop data presented in what the authors referred to as a “watershed year,” defined by Harmel et.
al. (2006) as the “product of the number of monitored watersheds and the number of years with
annual nutrient load data.” However, it does have data for 265 watershed (ws) years for
conservation tillage, 588 ws years for conventional tillage, and 121 ws years of no-till. Goals for
producers within the proposed new framework could be to meet or reduce these averages. It may
be more accurate, and practical, to determine baseline values with pre-treatment monitoring, and
set reduction goals over time. Harmel et al. (2018) attempts to answer the question “How clean is
clean enough?” Admitting the flaws in MANAGE, the authors conclude that certainty programs
allow for water quality goals to be met successfully. Certainty programs assume that
implemented practices will meet environmental goals, and therefore do not sample water quality.
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This system protects producers and dischargers from legal ramifications while also facilitating
actions aimed at improving discharges and losses. However, certainty programs are based on
presumption of trust that the practices are being utilized and managed effectively, rather than
being supported by actual data that confirms the expectation. The EOFM analysis of cover
cropping presented in this study, highlights the logical fallacy in this program as it was
determined that cover crops do not always meet water quality goals. It was observed by the
author that a major contributing factor in success was the perceived importance of actively and
properly managing the practice on the part of the collaborating producer. Without providing an
incentive for success, progress is left to chance at best if the adopting producer does not perceive
the practice as an important or essential aspect of his/her operation.
3.3

Framework
Herein a framework is proposed to guide the scoring of an individual system. In order to

be considered universally successful, the system would need to score highly for both
environmental and economic gains. Thus, to obtain a high score a producer would need to
profitably reduce the impact of their farm on the environment. In absence of the proposed
subsidy system, it is likely only one of these goals would be pursued with fervor.
An equation will be used to quantify Nutrient Loss Efficiency (NLE) for agronomic
systems. The goal is to develop a parameter for measuring environmentally acceptable levels of
nutrient loss in relation to net returns in the system. In this study, the direct costs were relatively
equal between sites, therefore yield was the determining factor in net returns. Thus, in the
hypothesized, simplistic formula for quantifying NLE (Equation 3.1), yield represents net
returns.
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𝑌𝑖𝑒𝑙𝑑
𝑁𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝐿𝑜𝑠𝑠

= NLE

(3.2)

Where nutrient loss is relative to the water quality standard as defined by
local or regional regulations.
NLE = Nutrient Loss Efficiency
3.4
3.4.1

Discussion
Efficiency Estimate
Currently, a producer's goal is to have a high net return value. As environmental

stewards, their goal should be to maintain a high loss efficiency “score” in the estimate. Under
the current system, these goals may be mutually exclusive or in conflict. The purpose of the
proposed framework is to determine if a selected conservation practice helps producers improve
their NLE, while also maintaining or improving their net returns. A secondary benefit is that this
estimate could be used to determine potential subsidies for producers who meet nutrient loss
reductions goals at the cost of net return values. The current Farm Bill system subsidizes some
producers through the NRCS EQIP program to grow cover crops on their fields. This is a direct
$/ha payment to help cover seed and management costs for implementation of the practice. One
concept supported by this framework is to scale the subsidies based on the effectiveness of the
BMP, in this case cover cropping, at meeting pollutant reduction objectives. EOFM during cover
crop growth could be used to determine pollutant losses, or more research could be done to
elucidate proxies for cover crop growth indicators and relationships with pollutant reduction.
One such example would be determining the mathematical relationship between cover crop
biomass and pollutant reduction. If biomass is a consistent and reliable indicator of reduction, the
equation can be used in conjunction with spring biomass estimates (e.g., based on aerial imagery
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and vegetation indices which quantify biomass) to determine the denominator value of the NLE
equation. This would create a reward system for producers that encourages them to not only use
an approved conservation practice, but also to use the practice effectively. Assuming proxies can
be identified, it would further eliminate the need to manage and operate expensive, timeconsuming, and oftentimes difficult EOFM systems.
3.4.2

Contractual Enrollment
A second proposal to enhance the current subsidy practice is to adopt a 5-, 7-, or 10-year

contract, similar to Conservation Reserve Program enrollment, that would subsidize economic
losses (i.e. pay the debts). This contract would ease producer anxiety over the knowledge that
they will likely lose money in the short term, while also ensuring the recommended duration of
the practice is carried out and managed diligently. As with the NLE standard, baseline yield
values and localized environmental standards would be used to compare results of the practice.
This baseline could be gathered one of several ways: selection of a paired untreated control field,
using mean values from prior years of yield or nutrient data, or consulting area averages for
yield/nutrients. Over the course of the contract, it is theoretically expected that the subsidy
payouts would decrease until the treatment starts to produce higher yields due to soil health and
quality improvements (Chalise et. al. 2018; Zablotowicz et. al. 2011) and input reductions
(USDA SARE 2019; Blanco-Canqui et. al. 2015).
A strength of this approach is that it also acknowledges that producers will seek to
adaptively manage cover crops and optimize their inclusion within current production systems.
Producer management experience has been reported anecdotally and in prior research as another
factor determining production improvement (Plastina et. al. 2018). Adaptive management
progress is potentially supported by the research of this study, as the second year of management
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reduced losses by half after management changes were adopted to account for first-year
difficulties. Additionally, Cai et. al. (2019) demonstrated net returns in cover crop production
increased in each year of a four-year Missouri study, where by the fourth year the system was
profitable. In other words, affording the time to producers to learn effective and proper
management techniques, as well as giving time to the practice itself to alter the agroecosystem
should be an important focus of the program These issues alone speak to the need to consider
long-term contracts for annual conservation practices.
3.4.3

Application
Consider the following example of how the proposed framework could function (table

3.1). Farm A grew corn in Year 1. In order to balance costs, Farm A needed to have a corn yield
of 13450 kg/ha. After harvest, Farm A yielded 14200 kg/ha and maintained economic
profitability. However, Farm A exceeded the watershed’s theoretical edge-of-field nutrient
standard of 5 kg/ha. The goal NLE was 2700, and the Year 1 score was 1775. Though the
producer was economically profitable, they desired to improve their agro-ecologic legacy and
adopt cover cropping after harvest to meet nutrient loss goals. In Year 2, Farm A must meet a
yield of 13800 kg/ha - due to added cost of cover cropping - with the same goals of less than 5
kg/ha of target pollutant. The NLE goal is 2760. At the conclusion of Year 2, Farm A yielded
13000 kg/ha and 4.75 kg/ha of nutrient load. This results in an NLE of 2737. In Year 2 the
producer achieved environmental goals by reducing nutrient loads below the nutrient loss
standard, but it was at the expense of economic loss and reduced efficiency (see: Limitations).
Under the proposed framework, a subsidy would be available to pay the debts accrued by the
producer to reduce the fear of risk and maintain continued use of the practice per contractual
agreement, or alternatively, the subsidy would be adjusted based on nutrient loss reduction
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and/or meeting efficiency goals. (It should be noted that efficiency was not achieved as written,
this flaw is addressed in Limitations).
Table 3.1

Hypothetical Outcome: Farm A
Farm A

Year 1: Goal Year 1: Result Year 2: Goal Year 2: Result

Yield (kg/ha)

13450

14200

13800

13000

Nutrient Loss Goal (kg/ha)

5

8

5

4.75

NLE

2700

1775

2760

2737

NLE = Nutrient Loss Efficiency
3.4.4

Quadrats
The progression of an individual system can be illustrated with a model of Descartes’s

Cartesian coordinate system (figure 3.1). The model features four quadrats, where placement of
the farm is determined by either NLE or yield (x) and nutrient loss (y). The description of the
quadrats is as follows: (I) producer economic goals have been met and ecological standards are
achieved, (II) producer economic goals have been met, but ecological output is suboptimal, (III)
neither economic nor ecological standards are achieved, (IV) ecological standards are met, but
economic goals of the producer are not achieved.
In the hypothetical scenario presented above, in Year 1 the producer of Farm A was
operating in quadrant II. After cover cropping, Farm A made a diagonal shift to quadrat IV in
Year 2 because the producer was not able to achieve economic goals. A subsidy that meets
producers at the point of economic neutrality would move them to the y-axis between IV and I. It
would be theoretically expected that yields and ecological effects would improve after each year
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of adoption. In Year 3 or 5 for instance, Farm A’s yield improvements, coupled with
conservation practice maturation, could hypothetically move them into quadrat I.
A second example will come from one of the farms used in this study (table 3.2). At this
site, which was Site #5, the standard comparison values will come from the field pair (FBM)
with CCMT as the cover crop treatment. In practice, the actual application can use companion
fields, five-year historical data, or region averages as the comparison field. In Year 1, the farm
was under corn production, the CCMT reduced yield and NLE score, but also reduced pollutant
discharges. This puts Site 5 in quadrant IV for the first year. In the second year, when the farm
was under soybean production, CCMT yielded higher than FBM, and reduced pollutant runoff.
This results in a higher NLE score, and the site moves from IV to a placement in quadrant I. If
this producer were enrolled in the conservation program as proposed in this work, the agency
would pay the producer enough in the first year to account for debts, but nothing in the second
year.
Table 3.2

Study Outcome: Site #5

Site #5

Year 1: FBM

Year 1: CCMT

Year 2: FBM

Year 2: CCMT

Yield (kg/ha)

14795

12441

5817

5985

Nutrient Loss Goal1

5

4.7

5

4.75

2959

2647

1163

1260

(kg/ha)
NLE

NLE = Nutrient Loss Efficiency ; 1 pollutant values are fictitious and not drawn from study
results
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Figure 3.1

3.4.5

Environmental parameter coordinate system

Limitations
A current limitation to the efficiency estimate as proposed is the calculation of NLE is

over-simplified. Consider the situation of Farm A in Year 2. Though nutrient losses were
diminished, the efficiency of the system was affected. Every 750 kg/ha increase or decrease in
yield allows for ~0.275 kg/ha of nutrient loss fluctuation to maintain optimal score. In other
words, as corn yield increases from 13450 to 14200 kg/ha in Year 1, for example, pollutant loads
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of 5.0-5.275 kg/ha result in acceptable NLE scores, when this result should be environmentally
unacceptable. This indicates that coefficients are likely necessary to adjust for the variation in
currently-acceptable denominator values, when these standards are surpassed. In a standard
efficiency equation, this variation is typical and acceptable. However, when dealing with a
standard (e.g., TMDL) it is imperative to keep the value below the goal if the resulting score is to
be used as a measure of acceptable outcome. Conversely, goals for nutrient losses could be
achieved, but severe yield losses will result in unacceptable NLE scores. More work is needed to
formulate a consistent evaluation.
Another option that could address the issue of inconsistency would be the introduction of
penalties for denominators above acceptable levels, where the relative values are utilized rather
than absolute (e.g., the difference between the standard and the measured value). This might also
allow bonuses to be factored in for reductions below the standard, especially in cases where
yields are reduced. The added influence of bonuses and penalties could be formulated to account
for shortcomings in the NLE calculation. Thus, affording the concept to be used consistently for
the determination of success of the practice at increasing yield while decreasing nutrient loss. An
additional shortcoming of nutrient loss estimates with EOFM is the failure to account for
leachate in the system. For this framework as proposed, surface water is the only consideration
for nutrient losses.
3.5

Conclusions
Currently, producers are concerned about the economic implications of cover crop

management, at least during the first few years of installation despite current subsidies. Changing
the subsidy program that ensures producer economic standards are met would sway fears of
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economic losses and reduce risks. With adoption of the proposed recommendation, as theorized
and predicted by the claims of cover crops proponents, debt subsidy payments should diminish
or cease to be necessary as cover cropping improves the agroecosystem, thus lowering necessary
inputs and improving crop yields. Simultaneously, proper management is prioritized by
producers which should amplify the nutrient conservation abilities of the practice. Eventually,
the producer will continue to voluntarily manage cover crops and operate with economic
freedom and improved agroecosystem benefits.
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